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Uni sys
DATE: January 15, 1999 PPM-99-012
TO: S Hull/562

FROM: K. Sahu/S. Kniffin/300.1
SUBJECT: Radiation Report on DG412 (Maxim) (L DC 9829)
PROJECT: IRAC

cc. R. Williamg/722.0, R. Reed/562, A. Sharma/562, OFA Library/300.1

A radiation evaluation was performed on DG412 (5962-9073102M EA) Precision Monolithic Quad SPST CMOS
Analog Switch (Maxim) to determine the total ionizing dose (TID) tolerance of these parts. The TID testing was
performed using a Co® gamma ray source. During the radiation testing, eight parts were irradiated under bias (see
Figure 1 for bias configuration) and two parts were used as control samples. The TID radiation levels were 2.5, 5.0,
7.5, 10.0, and 15.0kRads! The dose rate was 0.023kRads/hour (0.006Rads/s). See Table Il for the radiation
schedule and effective dose rate calculation. After the 2.5, 5.0 and 15.0kRad irradiation, the parts were annealed
under bias at 25°C and tested after 72, 96, and 168 hours respectively.? After each radiation exposure and annealing
treatment, parts were electrically tested according to the test conditions and the specification limits® listed in Table
[l.

An executive summary of the test results is provided below in bold, followed by a detailed summary of the test
results after each radiation level and annealing step. For detailed information, refer to Tables | through 1V and
Figure 1.

All parts passed all initial electrical tests. All parts passed the functional test upon irradiation from 2.5 to
15kRads. However, all parts showed significant degradation in many parameters from 2.5 to 10kRads
including IDD, ISS, lil, lih, Idoff, and Isoff. After annealing the partsfor 72 hoursat 25°C after the 2.5kRad
irradiation and 96 hours at 25°C after the 5.0kRad irradiation, some recovery was observed in a few of the
senditive parameters. Upon continued irradiation to 15kRads, the parts showed continued degradation in lil,
lih, Idoff, and Isoff, but showed a decreasein IDD and ISS. After annealing the parts for 168 hours at 25°C
after 15.0kRads, the parts showed no significant change in any par ameter.

Initial eectrical measurements were made on 10 samples. Eight samples (SN's 52, 53, 54, 55, 56, 57, 58, and 59)
were used as radiation samples while SN's 50 and 51 were used as control samples.

All parts were within the specification limits For IDD, 1SS and Rds. However, for lil, lih, Idoff, I1soff, Idon, and
Ison, the partsinitially exceeded the specification limits of 0.50, 0.50, 0.25, 0.25, 0.4, and 0.4nA, respectively. This
is because the open socket |eakage itself was above the specification limits due to the noise in the power supplies
and the load boards for the ATE. For these parts, it will be necessary to observe the net increase or decrease in these
valuesto determineif the part is degrading or nat.

After the 2.5kRad irradiation, the parts showed significant degradation in IDD_vil with all readings greater than
5mA and ISS vil with all readings less than -5mA with a specification limit of +1.0mA for both. All parts showed
significant degradation in IN1-4 lih with readings greater than 5000nA with a specification limit of +0.5nA. All
parts showed an increase in the current readings for IN_lih, Idoff1, Isoffl, 1soff2, and Idon2. All parts passed all
other testsincluding the functional test.

! The term Rads, as used in this document, means Rads (silicon). All radiation levels cited are cumulative.,

2 The temperature 25°C as used in this document implies room temperature.

% These are manufacturer’s pre-irradiation data specification limits. The manufacturer provided no post-irradiation
limits at the time these tests were performed.
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After annealing the parts for 72 hours at 25°C, the parts showed only modest recovery in lih, Idoffl and Isoff1, with
no significant changein any other parameter.

After the 5.0kRad irradiation, the parts showed significant degradation in IDD_vil with all readings greater than
100mA and ISS vil with all readings less than -100mA with a specification limit of £1.0mA for both. One part
exceeded the specification limit of 1.0mA for IDD_vih with areading of 5mA and fell below the specification limit
of -1.0mA for ISS vih with a reading of -5mA. All parts showed very significant degradation in IN1-4_lih with
readings greater than 41mA with a specification limit of £0.5nA. All parts showed significant degradation in Idoff1,
Isoffl, 1soff2, and Idon2. All partspassed all other testsincluding the functional test.

After annealing the parts for 96 hours at 25°C, the parts showed no significant changein any parameter.

After the 7.5kRad to 15kRad irradiations, the parts showed significant degradation in IDD_vil and IDD_vih with all
readings greater than 100mA and 1SS vil and ISS vih with all readings less than -100mA with a specification limit
of £1.0mA for both at 7.5 and 10kRads. However, after 15kRads, all parts fell to within specification limits for all
four parameters. All parts showed significant degradation in lil, lih, 1doffl, Idoff2, 1soff1, 1soff2, Idonl, and Idon2.
All parts passed all other testsincluding the functional test.

After annealing the parts for 168 hours at 25°C, the parts showed no significant change in any parameter.

Table IV provides a summary of the test results with the mean and standard deviation values for each parameter
after each irradiation exposure and annealing step.

Any further details about this evaluation can be obtained upon request. If you have any questions, please call us at
(301) 731-8954.
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ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has been developed soldly for the
purpose of providing general guidance to employees of the Goddard Space
Hight Center (GSFC). This document may be distributed outside GSFC only as
a courtesy to other government agencies and contractors. Any distribution of
this document, or application or use of the information contained herein, is
expressly conditional upon, and is subject to, the following understandings and
limitations:

(a) The information was developed for general guidance only and is subject to
change at any time;

(b) The information was developed under unique GSFC laboratory conditions
which may differ substantially from outside conditions;

(c) GSFC does not warrant the accuracy of the information when applied or used
under other than unique GSFC laboratory conditions;

(d) The information should not be construed as a representation of product
performance by either GSFC or the manufacturer;

(e) Neither the United States government nor any person acting on behalf of the
United States government assumes any liahility resulting from the application or
use of the information.
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Figure 1. Radiation Bias Circuit for DG412
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Notes:

1. V+=+15.0V £0.5V, V-
2. Ry =2kW+5%, YW,

3. R, =3kW+5%, YW,

-15.0V 0.5V, V| = +5.0V 0.5V, Vs = +10V 0.5V, V|y = 2.4V +0.1V.
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TABLE I. Part Information

Generic Part Number:

IRAC Part Number:

Charge Number:

Manufacturer:

Lot Date Code (LDC):

Quantity Tested:

Serial Number of Control Samples:
Serial Numbers of Radiation Samples:
Part Function:

Part Technology:

Package Style:

Test Equipment:

Test Engineer:

DG412

DG412 (5962-9073102MEA)
M99713

Maxim

9728

10

51, 52

53, 54, 55, 56, 57, 58, 59, and 60
Improved, Quad, SPST Analog Switches
CMOS

16 Pin DIP

A540

A. Duvalsaint

The manufacturer for this part guaranteed no radiation tolerance/hardness.
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TABLE Il. Radiation Schedule for DG412

BV EN T e DATE

1) INITIAL ELECTRICAL MEASUREMENTS ... .coiiiiiiiieiti ettt 11/16/98
2) 2.5 KRAD IRRADIATION (0.038 KRADS/HOUR) ......ocuiiiiiiiiiiiiiie sttt 11/17/98
POST-2.5 KRAD ELECTRICAL MEASUREMENT ...ttt 11/20/98
3) 72 HOUR ANNEALING @25°C......eiiueiiieiiieiiieisiee sttt sttt ssn s snn e snnesnne s 11/20/98
POST-72 HOUR ANNEAL ELECTRICAL MEASUREMENT ......coiiiiiii e 11/23/98
4) 5.0 KRAD IRRADIATION (0.015 KRADS/HOUR) ......ccctiiitiiiieiieie ettt 11/23/98
POST-5.0 KRAD ELECTRICAL MEASUREMENT ...ttt 11/30/98
5) 96 HOUR ANNEALING @25°C......coiueiiieiiieiiieiiiee sttt s san e snessne e snne s 11/30/98
POST-96 HOUR ANNEAL ELECTRICAL MEASUREMENT ......coiiiiiii e 12/04/98
6) 7.5 KRAD IRRADIATION (0.038 KRADS/HOUR) ......ccviiiiiiiiiiiiiie sttt 12/04/98
POST-7.5 KRAD ELECTRICAL MEASUREMENT ...ttt 12/07/98
7) 10.0 KRAD IRRADIATION (0.028 KRADS/HOUR) .......coiiiiiiiiiiiieiie st 12/07/98
POST-10.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiii e 12/11/98
8) 15.0 KRAD IRRADIATION (0.077 KRADS/HOURY) .......coiiiiiiiiiiiiieiie et 12/11/98
POST-15.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiiie e 12/14/98
9) 168 HOUR ANNEALING @25°C....ccueiiueiiieiiieiiiee sttt sttt snesneene e sne s 12/14/98
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT .....ooiiiiiiiiee e 12/21/98

Effective Dose Rate = 15,000 RADS/27 DAY S=23.1 RADSHOUR=0.006 RADS/SEC

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS, SEE FIGURE 1.
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Tablelll. Electrica Characteristics of DG412 /1

Test Spec. Lim.
# Parameter Units Test Conditions /2 min max
1 [|Functional Test P/F|100kHz, V,. = 0.8V, V|4 = 2.4V, Load = +10mA Vor>3V |V <1V
10 |IDD_vil mMA|Vy = 0.0V -1.0 1.0
11 |ISS vil M|V ny = 0.0V -1.0 1.0
12 |IDD_vih M|V = 5.0V -1.0 1.0
13 |[ISS vih M|V ny = 5.0V -1.0 1.0
20-23 [IN1-4 iil nA|Vy1-4 = 0.8V, Vpp = 15V, Vg = -15V -0.5 0.5
24-27 [IN1-4 iih nNA|(Vn1-4 = 2.4V, Vpp = 15V, Vg = -15V -0.5 0.5
30-33 (D1-4 ldoffl nA(Vy1-4=0.8V, Vp =15V, Vs =-15V -0.25 0.25
34-37 |D1-4_ldoff2 nA(Vy1-4=0.8V, Vp =-5V, Vs = 15V -0.25 0.25
40-43 |S1-4 |soffl nA(Vy1-4=0.8V, Vp =15V, Vs =-15V -0.25 0.25
44-47 |S1-4 |soff2 nA(Vy1-4=0.8V, Vp =-5V, Vs = 15V -0.25 0.25
50-53 |S1-4 Isonl nNA(Vy1-4=2.4V,Vs= 15V -0.4 0.4
54-57 |S1-4 |son2 nNA(Vy1-4=2.4V,Vs=-5V -0.4 0.4
60-63 ([D1-4 Idonl nA|(Vy1-4 =24V, Vp = 15V -0.4 0.4
64-67 ([D1-4 _ldon2 nA(Vn1-4 =24V, Vp =-5V -0.4 0.4
70-73 |Rdsl-4 +8.5V WV n1-4 =24V, Vp =85V 0 35
74-77 |Rdsl-4 -8.5V WV n1-4 =24V, Vp =-85V 0 35
80-83 |Rdsl-4 +3.0V WV \n1-4 =24V, Vp = 3.0V 0 80
84-87 |Rdsl-4 +8.0V WV \n1-4 =24V, Vp = 8.0V 0 80

Notes:

1/ These are the manufacturer’s non-irradiated data sheet specification limits. The manufacturer provided no post-
irradiation limits at the time the tests were performed.

2/ T = 25°C unless otherwise noted.
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TABLE IV: Summary of Electrical M easurements after Total Dose Exposur es and Annealing for DG412 /1
TDE (kRads Si)] Annealing |TDE (kRadsSi)] Annealing Total Dose Exposure (kRads Si) Annealing
Initial 25 72 hours 5.0 96 hours 75 10.0 15.0 168 hours
Test Spec. Lim. /2 @25°C @25°C @25°C
Parameters Units min max | mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd
1 |Functional Test P/IF P P P P P P P P P
10 |IDD_vil ?A| -1.0 1.0 | -0.009 | 0.006 5 5 >100 >100 >100 >100 0.1 0 0.1 0
11 |ISS vil ?A| -1.0 1.0 ]-0.002| 0.005 | <-5 <-5 <-100 <-100 <-100 <-100 -0.4 0 -0.4 0
12 |IDD_vih ?A| -1.0 1.0 |-0.005]| 0.010 | 0.005 | 0.010 0 392 | 0.62 1.8 0 0 1.9 2.6 >5 0.1 0 0.1 0
13 |ISS vih ?A| -1.0 1.0 | 0.001 | 0.009 | 0.006 | 0.006 | 0.002 | 524 | -062 | 1.8 0 0 -38 52 | <-100 -0.4 0 -0.4 0
20-23 |IN1-4 il nA| -05 0.5 -0.66 | 0.04 | -0.66 | 0.04 | -059 | 0.27 | -0.66 | 0.04 0 0 0 0 0 0 0 0 0 0
24-27 |IN1-4 lih nA| -05 0.5 0.63 | 0.02 | >5000 1283 | 2375 |>41000 >41000 >41000 >41000 >41000 >41000
30-33 [D1-4 ldoffl nA| -0.25 | 0.25 197 | 011 | 834 | 11.74| 302 | 216 | 1355 | 421 703 563 749 1 |>48000 >48000 >48000
34-37 |D1-4 ldoff2 nA| -0.25 | 0.25 -29 0.09 -29 0.08 -29 0.18 -29 0.19 -24 0 <-240 <-240 <-240 <-240
40-43 |S1-4 |soffl nA| -0.25 | 0.25 708 | 011 | 121 | 4.23 7.9 08 | 1264 | 559 639 347 |>47000 >47000 >47000 >47000
44-47 |S1-4 |soff2 nA| -0.25 | 0.25 164 | 008 | 295 | 095 | 172 | 017 | 728 351 370 214 | <-850 <-850 <-850 <-850
50-53 |S1-4 Isonl nA| -04 0.4 38 0.27 38 0.23 38 0.33 38 0.34 39 0.24 39 0.30 39 0.30 39 0.75 40 0.36
54-57 |S1-4 Ison2 nA| -04 0.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
60-63 |D1-4 Idonl nA| -04 0.4 19 0.36 19 0.19 19 0.20 19 0.1 19 0.3 19 0.4 20 0.8 20 1.0 21 11
64-67 |D1-4 1don2 nA| -04 0.4 -93 0.20 -94 0.12 -92 0.14 -94 0.22 -95 0.14 -95 0.27 -92 0.26 -92 0.55 -92 0.15
70-73 |Rdsl-4 +8.5V ? 35 235 0.2 24.0 0.2 24.1 0.2 23.9 0.1 24.0 0.1 24.1 0.1 23.9 0.1 24.2 0.2 24.5 0.1
74-77 |Rdsl-4 _-8.5V ? 0 35 23.2 0.1 23.6 0.1 23.8 0.2 23.6 0.2 23.7 0.1 23.9 0.1 23.8 0.1 24.2 0.2 24.5 0.2
80-83 |Rdsl-4 +3.0V ? 0 80 48.9 0.2 47.6 0.2 47.8 0.3 45.8 0.3 46.1 0.3 44.9 0.3 435 0.2 41.5 0.2 42.0 0.3
84-87 |Rdsl-4 +8.0V ? 0 80 48.9 0.2 47.6 0.2 47.7 0.3 45.8 0.3 46.1 0.3 44.9 0.3 435 0.2 41.5 0.2 42.0 0.2
Notes:

1/ Themean and standard deviation values were calculated over the eight partsirradiated in this testing.
2/ These are manufacturer's pre-irradiation data sheet specification limits. No post-irradiation limits were provided by the manufacturer at the time the tests were performed.

Radiation sensitive parameters: IDD, ISS, lil, lih, Idoff, 1soff, [don, I'son.

The control samples remained constant throughout testing and are not included in thistable.




